We investigated sarcopenia, focusing on the dose of loop diuretics used in 70 patients with refractory hepatic ascites treated with tolvaptan. Bloating improved in 68.5% of patients, as determined using the Japanese version of the Support Team Assessment Schedule. The psoas muscle index (PMI) was used to define sarcopenia. A statistically significant difference was observed in the PMI between patients receiving low-dose (3.6 ± 1.2 cm in non-responders before and after tolvaptan treatment, respectively. The long-term prognosis improved in responders compared with non-responders (mean survival time: 646 days vs. 228 days, P < 0.001). Early introduction of tolvaptan treatment is necessary to prevent the progression of sarcopenia.
Introduction
Refractory hepatic ascites that cannot be controlled with conventional therapy by using loop diuretics and spironolactone greatly reduces a patient's general status and quality of life [1] . Hypoalbuminemia and hyponatremia are frequently observed in these cases, and the long-term prognosis worsens [2] .
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Tolvaptan was recently approved in Japan for refractory hepatic ascites that demonstrates an insufficient response to loop diuretics. Tolvaptan is a new type of water diuresis medication, i.e., a solute-free water excretion mediator that promotes a diuretic effect by inhibiting reabsorption of water, with vasopressin V 2 -receptor antagonism in the kidney collecting tubules [3] . Bloatedness was significantly improved in 62.5% in the tolvaptan group and 37.3% in the placebo group in a Japanese phase III clinical trial. Therefore, tolvaptan exerts an effect on refractory hepatic ascites [2] .
It was reported that 63% of patients with hepatic cirrhosis have malnutrition [4] , and that cases with sarcopenia have a poor prognosis; therefore, sarcopenia assessment criteria specific for hepatic disorders were proposed in 2016 by the Japan Society of Hepatology [5] .
Na-K-2Cl cotransporter protein, the target of loop diuretics in a mouse model, is a control factor for myoblastic differentiation and skeletal muscle hypertrophy [6] . In other words, muscular enlargement occurred with exercise in a normal mouse, but muscular hypertrophy could not develop in a mouse receiving a loop diuretic. These results suggested that the frequency of sarcopenia may increase in patients receiving a high-dose loop diuretic. However, whether sarcopenia is associated with the dose of loop diuretics in patients with refractory hepatic ascites treated with tolvaptan remains unclear.
Therefore, we evaluated the association between loop diuretic dose and sarcopenia in refractory hepatic ascites treated with tolvaptan.
Materials and Methods
We retrospectively studied data for a total of 70 consecutive patients with refractory hepatic ascites who did not respond adequately to conventional diuretics and were treated between April 2011 and April 2017 with tolvaptan.
Low-dose use of a loop diuretic (furosemide) was defined as 20 mg/day or less, and high-dose use as over 20 mg/day. Bloatedness from hepatic ascites was scored on a scale of 0 to 4 using the Japanese version of the Support Team Assessment Schedule (STAS-J) [7] before and after 3 weeks of tolvaptan treatment.
The STAS-J is scored from 0 to 4-0: no symptoms; 1: one to several, occasional or intermittent, concurrent symptoms that do not interfere with activities of daily living and do not require treatment; 2: moderate symptoms on some days, which may affect the ability to perform activities of daily living; 3: frequent severe symptoms that significantly affect the ability to perform activities of daily living; 4: continuous, intense or intolerable symptoms, preventing ability to perform activities of daily living. A patient was defined as a responder when the score decreased by 1 point or more and as a nonresponder when the score did reported [5] , and sarcopenia was defined according to the PMI. We evaluated long-term patient prognosis. Overall survival was defined by the time period from the date of patient registration until death, or the final date when survival was confirmed.
Statistical Analysis
All data were expressed as the mean ± standard deviation (SD). Differences were analyzed using the Wilcoxon signed-rank test, two-sample t-test, and chi-square test. The long-term prognosis was estimated using the Kaplan-Meier method, and differences were determined using the log-rank test. P-values < 0.05 were considered statistically significant.
This study was approved by the ethics review board of the Nagoya Medical
Center. (Table 1) The study included 28 men and 42 women, with an average age of 69.1 ± 13.0 years. The etiology of chronic liver disease was as follows: alcoholic, 17 cases; 
Results

Baseline Patient Characteristics
Efficacy of Tolvaptan (Table 2)
The rate of low-dose loop diuretic (furosemide, ≤ 20 mg/day) use was 41.4% and that of high-dose (>20 mg/day) use was 58.6% before tolvaptan treatment. The mean STAS-J score significantly decreased from 3.3 ± 0.6 to 2.1 ± 1.0 (P < 0.001) after tolvaptan administration and bloatedness improved in 48 patients (68.5%).
Patient body weight significantly decreased from 56.0 ± 12.2 kg to 52.8 ± 11.8 kg (P < 0.001), and the caloric intake increased from 972 ± 407 kcal to 1141 ± 410 kcal (P = 0.001) in 3 weeks after administration of tolvaptan.
The Frequency of Sarcopenia
The rate of sarcopenia was 90% (men, 100%; women, 83.3%). A statistically significant difference was observed in PMI between low-dose (3.6 ± 1. (Table 3) .
Long-Term Prognosis
The mean survival time was 533 days in all patients (Figure 2(a) ), with 228 days in non-responders and 646 days in responders (P < 0.001). The long-term prognosis improved in responders compared with non-responders (Figure 2(b) ). 
Discussion
Sarcopenia was defined by the European Working Group on Sarcopenia in Older People as a syndrome characterized by a progressive and systemic decrease in muscle mass and strength [9] . Sarcopenia is associated with malignancy, renal failure, heart failure, and aging, and leads to reduction in quality of life and an increased risk of death [10] [11] . The mechanism of sarcopenia is complicated, and is not fully understood, but patient prognosis has improved with management [12] .
We were able to control refractory hepatic ascites with tolvaptan and improve nutrition using the Controlling Nutritional Status method [13] . Patients with refractory hepatic ascites had a moderate to high degree of malnutrition in our study [14] . It was reported that appetite improved during treatment with tolvaptan compared with placebo (38.9% vs. 16.7%, P = 0.064) in a Japanese phase III clinical trial of patients with hepatic edema [2] . In this study, bloatedness improved in 68.5% of patients with refractory hepatic ascites after tolvaptan treatment based on the STAS-J score, pain was relieved, and nutritional status improved, as shown by caloric intake.
Skeletal muscle mass is evaluated using arm circumference, dual-energy X-ray absorptiometry, bioelectrical impedance analysis, CT, or magnetic resonance imaging. Sarcopenia assessment criteria were recommended by the Japan Society of Hepatology in 2016 [5] . We examined abdominal CT images before tolvaptan induction and determined that PMI decreased in many cases. Therefore, we presumed that patients with refractory hepatic ascites had sarcopenia.
The prognosis of patients diagnosed with liver cirrhosis and ascites is poor, with 62% deceased at 6 months, 56% at 12 months, and 49% at 24 months [13] .
All patients in this study were considered to have end-stage liver cirrhosis that would not respond to conventional diuretics, and their prognosis was extremely poor. If the dose of loop diuretic was high, the frequency of sarcopenia increased in patients with refractory hepatic ascites treated with tolvaptan. Furthermore, the frequency of sarcopenia increased in non-responders, but decreased in patients on a low dose of loop diuretic and in responders treated with tolvaptan.
Early introduction of tolvaptan treatment prevented exacerbation of sarcopenia, with improvement in bloatedness and increased caloric intake in this study, and is thought to be extremely important in improving patient prognosis.
This study had some limitations. First, this was a retrospective study in a single institution. Second, we did not study muscle strength, which is important for the evaluation of sarcopenia. Third, we did not study other mechanisms underlying sarcopenia. A larger, multicenter prospective study should be performed to confirm our findings.
Conclusion
The frequency of sarcopenia in refractory hepatic ascites treated with tolvaptan 
